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‘Altnoug’! .coal-mine explosions rank third among causes of underground 
fatalities, they receive more wide-spread attention than any other accidents 
in mines because frequently many oersons lose their lives in a single dis- 
esber, Each bituminous conl-mine exolosion endangers the lives of approxi- 
mately 100 persons--the averace muiber employed underground in a commercial - 
mine, A critical analysis of coal-mine explcsions in a restricted district 
gives a crossesection of relative exicting explosion hazards, of common 
causes of ignitions of gas and dust, and of effective prevention measures. 
ths Safety Division of tie United Stara Bureau of Mines is collecting data 
on coal-mine explosions in the various States, and this circular is one of a 
series anes the causes and recomaendinz methods for the prevention of 
siuilar occurrences, | : | 
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Zhe data on this circular are based on records of the United States 
‘Bureau of Mines and the West Virginia Department of Mines, Unfortunately 
pee all of the early records were destroyed by fire in the State 
=ouss at Charleston, WT. Va.; the remaining records were mad¢ available to 
the ne by N. P, ahinehart, cnier of tne Department of Mines, and his 
cooneration is ere acirmovledged, . 


HISTORICAL RESUMES 


The earliest available:reference to coal in West Virginia is tnat made 
by John Peter Lally wno in 1742 found'a sreat plenty of coals" near a river 
l-ter called Coal River, In 1899, Nicholas Roosevelt found coal along the © 
Osnio River and used it on the New Orleens, said to have been the first 
stecmboat west of the Allegheny Mountains, In 1810, Conrad Cotts opened a 
nine near Wheeling and sold coal for domestic vurposes; in 18l2, a mine was 
opencd on the Ohio River ovposite Meson City and produced 1,200 bushels of 
coal thet year, In 1849 the total West Virginia coal production was 298,691 
tonss in 1863, the production had increased to 444,468 tons, and in 1&83, to 
2,340,833 tons,.- During tnis pericd apparently most of the coal was ex- 
tracted from coal ovutcronoing on the hillsides; little danger of gas ignition 
existed at that time, but exnlosions from blotm-out shots occurred frequent~ 
ly, On February 22, 1883 the. West Virginia legislature enacted legislation 
vroviding for a mine insnector to inspect the mines of that State, to pre~- 
vent mine accidents, aoe to insure properly ventilated mines, 


In a svecial eesort to the Governor on Deeenbex Sly 1884 the Inspector 
of Mines DON UEC: 
We have 5 gnares, in 4 ot which there is more or less gas; and 
in 1 of our drift mines there was an exnlosion on the 27th day of 
liarch 1880, whereby 2 men were killed and a boy badly burned, 


Teble 1 lists 287 exolosions in West Virginia coal mines. Several 
early explosions were listed in the annual reports of the West Virginia 
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Devartment of Mines as "blown-out shots" or "yowder exmlosions".. Tie in- 
juries usually were described; explosives acticents nave been eliminated 
from these and otiuer available cata, and only those in which dust or gas were 
involved have been included in this na.er as exolosions 


NWUMBOR AND COST OF FATALITIES FROM COAL-MING 
EXPLOSIONS it} Was? VIRGISIA 
Puring the more than OO ,ears covered by the tabulation, 237 exolosions 
have occurred, entailing the loss of 2,060 (anproximately 41 each year) lives 
and injury of at least 3&3 vercons, Judging froia the limited numoer of ex- 
dlosions on which co:.lete data are available, more than 2,651 versons 
escaped uninjured frou mines or sections ot mines in wiich explosions occurred, 


Number of Fatalities 

iio fatalities were cnused by mine exnlosions in 12 of the 50 years-~1883, 
1884, 1887, 1888, 1589 S, 1890, 189%, 1694, 1696, 1297, 1898, and 1913, No 
asalosions cease in 7 of these 12 years, Tne largest mmmver of explosion 
fatalitics (501) occurred in 1907, : 

Gas and dust exnlosion fatality rates from 1687-1933, inclusive, are 
given in table 2, During the first 8 years (1885-90) the fatality rates were 
1.134 ner million tons of coal mined and 0,858 ner million man-hours worked. 
Tue man-hours of exposure for 1864+90 and 1891-1900 were calculated from the 
number of men employed, the avernge number of days worked, and the averasze 
length of shift worsed in the following 10-year period (1901-10), The 
hishest rate ver million tons of coal mined was 2,119 in 1901-19, and the 
lowest vate was 0.429 in the decade ended 1930, The fatality rate in 19233 
was 0,056 »er million tons, the lowest since insvection of mines was insti- 
tuted in the State, The exceptionally high rate in 1901-10 wes caused largely 
by the death of 361 men in the Monongah explosion, The fat tality rate on the 
exposure basis ranges from 0,974 per million man-hours in 1991-10 to 9,255 
per million man-hours in 1891-1900, The fatality rate of 0,152 in 1931 was 
lower than the averajyre for any yrececing period and the rate of 0,068 per 
million man-hours in 1922 was much lower, The man-hours of exposure in 1933 
are not available, but from all indications the 1933 rat2 will be the lowest 
recorded by the West Virginia Depart sment of Mines, 


The ratio of exolosion fatalities to all cozlemine dcatns indicates the 
effect of eliminating explosion hazards, The percentage ranges from 50,4 in 
1901-10 to 10.8 in the neriod 1921-70, During the last 3 years the ratio 
has decreased annvally; in 1931 the pnercentagse was 6.0; in 1932 it was re- 
duced substantially to 2.7 vercent; and in 1933 it was reduced to 2,0 ver- 
cent. 
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TABLE 2. —- Gas anc dust exnlosion fatality rates in 
West Virginia coal mines, 1863 — 1933 


| Fatalities | "Tacality | Percent of explosion 
Period | mer millioi | per million | fatalities to total 
ae 

Beet dees a | man-hours _ Biba. __coal-mine deaths 
| | 

1333-1899 (9 years) 1.134 i L/ 0,258 } 20,9 

1891-1900 635 |  2/ 2s 11,2. 

LOD1~10 Belly “974 | ZO 4: 

LOL TPO e005 | etd 14.2 

197130 6429 | 320 | 10,8 

193 e007 eL52 6 .0 

1932 ,082 | 068 2.7 

1933 mote —— +0568 | = = _.__ 209 


Averege | 0904 | A459 
| 


1/ Estimated, 


the efforts of the West Virginia Department of Mines, coal overators, 
safety engineers and mining institutes, in conjunction with individual re- 
ports, accident~prevention classes, anc. safety inspections of the United 
states Bureau of Mines have undoubtedly borne fruit in reducing the number 
and severity of coal-mine explosions, In 1932, the fatality rate per mil~ 
lion tons of coal mines was 0,056 comoared witn 0,904 for the 50-year period; 
tue fatality rate wer million man-hours of exnosure was 0,068 in 1932 com- 
vared witn an averase of 0,459; and the percentage of explosion fatalities 
to total coal-mine fatalities in 1953 was 2,0 comnared with an average of 
15,6 for the 50 years (1385-1932), This record is a clear indication of the 


results of exnlosion—nrevention measures gradually adopted in West Virginia 
coal mines, . . 


Tie cost of compensation »vaid for explosion fatalities in 37 cases 
amounted to $1,948,283, an avernuge of $52,650 ner explosion, The number of 
lives lost ranged from 2 to 1&3 and the total loss was 859 lives, The aver- 
age cost of comoensation was $2,268 ner fetality. Assuming this to be an 


average cost the 2,060 explosion fatalities have caused a loss of $4,672, 080 
in commensation Alone: 


CAUSES OF COAL-MINE EXPLOSIONS IN WiST VIRGINIA 


Most of the exmlosions were initiated by three major causes~-explosives, 
open lights, and electricity; the assigned causes have been segregated in 
table 3 by major and minor causes by »veriods, 
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Although causing the largest number of sees ee. (94), exmlosives ranked 
third among classified causes of fatsiities, witn 514 lives lost, Blom-out 
shots, caused bz: the use of black blasting powder end blasting "off the solid", 
were the chief factors in 62 explosions resultiug in 220 fatalities, Several 
explosions of wuiknown cause probably were due to axplosives or blasting. ‘The 
largest number of deaths (181) ond explosiors (56): from tlown-out shots 
occurred in the period 19Cl+10, Blasting (not otnerwise classified), whick 

caused ll explosions and 33 deaths, ranked .second amonz explosions from explo- 
sives; premature blasts ~ere third, causing 6 exdlosions and 27 deaths: oven 
shots or shots not confined in holes rere fourth, causing 3 explosions in 
which 14 lives were lost; and multiole shots, overcharged shots, blown-through 
snots, and explosives run over by mine cars were otner causes of tnis class or 
explosions, Tue peak of exnlosives-initiated ex»olosions was reached in 1901- 
10, with 71 explosions and 256 deaths, In the following period 1911-20, only 
19 explosions were caused by aupisiveds bat the fatalities (229) were not 
Dah magetens decreased, In the 3 years from 1931 to vane only 1 SePEOS iON, 

esulting in 2 denths, occurred from explosives. 


OQnen Lights 


Ignitions of gas and explosives are the two general direct causes of ex- 
plosions initiated by onen liiits; however, to underctand how open lights 
were responsible for the explosions, the contributing causes have been given, 
Inadequate ventilation, which allowed gas to accumlate, was responsible for 
19 explosions in which 420 lives were lost. Men entering a mine or section 
of a mine before it was inspected, in disobedience to orders, caused 8 explo- 
sions and 81 deaths, Carcless examination bj} fire bosses, igmoring gas 
known to be present, or failure to examine a mine or section caused 7 explo- 
Sions and 79 fatalities, Other factors causing 1 to 3 exmlosions were: Men 
entering idle mine in whicu no examinaticn had been made; gas liberateu by 
blasting; officials wearing open Jights while examining mine and rescue 
workers wearing onen lights after an explosion; defective flame safety lamms; 
ignition of black blasting powder; men entering mine when fan had been stopped 
and no examination of the mine had been mades ignition of gas by a torch; 
ignition of gas issuing from clay vein; and brushing out gas, 


Ooen lights caused 73 exolosions reeulting in 326 fatalities, Tne 
largest number of exnlosions (24) occurred in the 1.year veriod 1901-10 and 
the greatest number of fatalities (312) in the folloving 10-year period 
191120, 


Slectricity 


Sparks or arcs from electrical equipment caused: 35 coal—mine exnlosions 
in which 664 lives were lost, The chief source of these explosions was non- 
permissible locomotives, wuich caused 16 exnlosions and 180 deaths in 132 
years, Nonpermissible mining machines ranized second with a record of 10 
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exolosions and 55 fatalities, +#our explosions, causing 25 ceaths, were 
initiated from snarks from trolley wires genernlly resulting from "ninping" 
or sliding tae nead hook of the cable along the trolley wire. An arc caused 
by a runaway trip on a slope ignited dust and caused the most disastrous ex- 
plosion in the nistory of the mininz industry of the United States, 361 men 
losing their lives, Lightning, an arc from © nonsermissible drill, and a 
as from a nonnermissible drill, and a snark from a nonvermissible blast» 

smanieto each caused 1 exnlosion; the only fatalities resulting (27) were 
in “the explosion cansed by #2 ie electric drill, 


The larzest muiber. ar electrically-initiated exnlosions (20 explosions, 
vith 272 deaths) occurred in 1921-30, Exolosions of See ce origin have 
increased steadily; 1 occurred in 1901-10, 3 in 1911=20, 20 in 1921-30, and 
ll in the jeyear period 1931-35, . In 1921-30 the renee nuuber killed was 
12,6 ner explosion, and in the following 3 years the average was practically 
2 in each explosion, 


Miscellan eous 
Two causes of explosions lis ted under miscellaneous! exvlosion causes~— 
smoking ane f3 ape te Lit be annronriatel,. listed under ppen lights. Each 
caused 1 explosion, Taree deatis resulted fron the explosion attributed to 
smoking, but no lives were lost in the explosion ceused by « fire. Most of 
the 623 explosions, causes of wrich are unimown, were vrobably due to explo~ 
sives and open lights. | 


e a s a + 


“PRINCIPAL CONPRISUTT 1G CAUSES. OF DXPLOSIONS 


Frequently several souaibis causes of explosions are found during in- 
vestigations of disasters. Table 4 gives data as to secondary or possibly 
supplementing or suspected causes of explosions, the primary cause having 
oeen as cigned to sciie rai condition or practice, Among seconcary causes of 
West Virginia coal—mine explosions lis sted in table 4 blasting ranks first, 


electricity’ second, and ventilation. third, 
Blasting 


Ignition of black ble Sting vowder and firing of overcharged shots were 
suspected of havin: contributed to 5 explosions each, Storing excessive 
cuantities of ‘exmios sives wnder:: eround and using mixed explosives each were 
given as secondary causes in 4 exnlosions, Dust created by blasting Yoff the 
solid" undoubtedly helned provazete 3 exnlosions, Firing milticle suots was 
believed to have been larzely resnonsible for 3 exolosions, siring open 
Sshots-=-that is, firing exnlosives that were unconfined in proverly drilled 
holes--contributed to or caused 2 exmlosions, Firing snouts by using the 
trolley wire as a source of nower, ignition of exnlosives by flames from 
dlesting, opening a “ef of black blasting powder witn a vick, firing de= 
pendent shots, emmloying combustible stemming, and blasting with dynamite and 
fuse were given as contributing causes of explosions. 
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, TABLE 4, - Principal contributing causes s of explosions 
| Times 
Causes — __ reported 
Blasting 33 
Ignition, black blasting powder . 2.0. ..«s-ec-eecceverve *) 
Overcharged shots ee ee ¢ © © © © © © © © ee ew ew ee ele 5 
Excessive quantities of explosives underground ...«..eee 4 
Mixed exnlosives a re er ee er re ee 2 2 2 2 ir | 4 
Dust from shooting off soiid oe0oeeee#ee##*#e ee ee8% © @ 3} 
Multiple shots e 6 ee @ e »@ eo 8s e “4s e e e e,.e¢ es e x. es e e e 8 3 
Open shots ee ee ee @ @ @ @ @© 8 @ e . e oe«e 8@ @9 @ 8® @ @ @ re 
Firinz from power wire °oeeeee8ee.F eee eee e © © @ le 1 
Flames from blast ignited explosives ...e.e+steceecesvee 1 
Car ran over exnlosives . « e e e « « » er er a er oe or ee ee 1 
Opening keg of black blasting vowder eth pick ~ ws ceeervece l 
Dependent snot (hole on solid) 2. e«ceveeccscscececvvee Z 
Combustible ste:ming a a ee ee er | 1 
Dynamite and fuse e e e e e e @ r ° e e e@ se. 8 e ° | e e 6 e e e @ L 
Electricity 18 
Arc, nonpermissible locomotive .. ; re ee ee ee ee er er | 4 
Arc, nomoermissible mining maciins ee ee ee ee o 
Arc, trailing cable ee ee ee 2 er er | 4 
Arc, "ninving" wire (sliding head hook on wire) . . ee -seeee 2 
Ventilation il 
Gases given off by blasting eevee fF © 0 © © © @ @ @ oe ee 8 
Mine or section idles no examination ...eeerecscesoee a 
Restricted area in eirway eeeeeeteereeewee eee © © © @ l 
Viscellaneous 6 
Mine dusty ee54svciceeeeee#eek«#ee#4heeeogueove5ee#eee8 ®©#e8 © @ @ @ 4. 
Two mines connected ». « eee ees e eee eevee ee we eo re) 


- 


a ee ee 


Arcs and sparks from electric equipment are a prolific source of explo-~ 
sions and in many cases are susvéected of having had some part in the igni~ 
tion of explosions of gas or dust; 18 of the contributory sources of exploe 
sions are attributed to electricity. Arcs from nonnermissible locomotives 
were suspected of contributing to 7 explosions; arcs from nompermissible 
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ining machines may have caused 5 exnlosions; an arc from a trailing cable 
ras gsiven as a secondary cause in 4 exmlosions; and "ninping" the wire or 
slicing the head hoo'c of the trailing cable along tne trolley wire may have 
caused 2 explosions, 


_ According to renorts oi mine inspectors, ignitions of gaseous fumes given 
oit by exvolosives and not carricd avay by the ventilating current were sus- 
nected of having caused 8 explorions; tnis now anpears to be improbable; un- 
cowtecly ignition of gas released by blastins or dust raised into suspension 
caused tuese explosions, Failwe to ventilate an idle mine or an idle section 
end allowing men to enter withcut having the mine or section examined resulted 
in 2 explosions caused by oven Jights, Inadequate ventilation caused by 
restriction of the airway through falls of roof'undoubtedly contributed to l 
explosion, 


Miscellaneous 


Accumulations of dust are thought to have contributed to the propagation 
of at least 4 explosions and the practice of having two adjoining mines con- 
nected allowed explosions to extend to adjacent mines during 2 explosions, 


CAUSES AND PERCENTAGE OF EXPLOSIONS 


The trend of exnlosion causes is snown in table 5, In the first 8 years 
considered (1884-90, inclusive) 22.2 percent of the- explosions were caused by 
explosives and blasting, and 77.8 percent were attributed to open lights with 
no exnlosion charged to electricity. In the following period (1891-1900), 
exolosives causes 22,1 nercent of the explosions and open lights 11,5 nercent; 
srobably the remaining 65,4 percent of the explosions from unknown causes were 
cue to explosives or omen lights in »bout the same vroportion, 2 tol, In 
va2 10 years 1901-1C, explosives (53,4 vercent) caused about 3 times as many 
explosions as open lights (18.0 nercent); electricity enters for the first 
time as the initiator of exnlosions in the coal mines of West Virginia, being 
resnonsidle for 1 exnlosion or 0.3 percent, while miscellaneous causes were 
responsible for 27.8 vercent of the exlosions, Following the high point of. 
03,4 percent attained in 1991-10, ezmlosives as a cause of explosions in this 
State decreased in eath succeeding period, causing 19.6 percent of the explo~ 
sions in 1911-20, 7,7 percent in 1921-30, and 6,2 percent (only 1 explosion) 
in the 3*years 1931-32, Explosions caused by open lights reached the maxinum 
in 1911-20, causing 41,1 percent of the explosions; in 1921-30 open lights 
caused 28,8 percent and in 1931-33, 18.8 percent, Explosions from electricity 
have increased steadily from none in the periods 1883-90 and 1891~1900 to 0,8 
percent from 1901-10, 5.9 percent from 1911-20, 38.5 percent from 1921-30, 
and 68.8 percent in the 3 years 1931-33, 


Google 


I.C,. 6802 


TABLE 5, ~ Causes and sercentage of exrlosions by 
periods, 1&85-1933 


[1€83-18901//1891~-1909 |1901-1910 i1911-1920 !1¢21- RSP 19 19S1s 19S | total 


Cause | Per | Mo./Per-| Per- Pe ay nel r—|  l’er er- 


Ho.| cent ' Noei cent | tio; cen5 | Mo] cent | No.| cent t | No, leent_ to. Icent 
| 7. | " 
Explosives 2202 | 6 23 61 | ia Ooee 10 119.6 7 4 32 8 
Open | 
lights . 77.8 | 2 ]11.5i 2418.0] a1 wale 15 [28.8 3 4 
Electric~ ; | | 
Miscella~ | | : | 
neous - (17 165.4; 57/27.8| 17 [3344 13 125.9] 1 85 |29.6 
| | 
_ es ey eee nee eee seer 
Total 100 | 26 |} 100 | 153/100 | 51 |100 | 52 ;100 | 16 287 | 100 
' ! ? ( q 


1 . 
—< ee om - a EE ET Se - eee -eeheee -) 


1/ 8 years, 
2/ 3 years, 


From 1583-1933 exmlosives caused 32,8 vercent of all explosions, open lights 
29,4 percent, and electricity 12.2 percent. The reduction in the percentage of 
exnlosions caused by exnlosives--from 53.4 percent in the period 1901-10 tc 7,7 
percent in 1921-20 and 6.2 percent in the 3 years 1931-33--nas been due in large 
measure to the intreduction of vermissible exolosives and the adoption of per- 
missible blasting cevices, used in a permissible manner, making blasting less — 
hazardous, The first record ci the use of "safety exnlosives!" in West Virginia 
coal mines was contained in the annual revort of the Department of Mines for 
1908, In that year 425,432 kegs (25-yorut kegs) of blacic blasting powder, 
788,049 pounds of high ess logive otuer than short-flame types, and 453,024 
mounds of "safety powder" or short-flame explosives were “ised in West Virginia 
coal mines, The classes of explosives used in West Virzinia coal mines from 
191232, based on figures published by the United States Bureau of Mircs, are 
recorced in table 6, Iu 1912 practically the same quantity of black blasting 
powder was used as in 1908, but the permissible explosives used had increased to 
nearly seven times the quantity used in 1908, the consumption in 1912 being 
3,064,045 pounds, The use of vermissible explosives has steacily increased, 
reaching a peal: of more than 15 miltion: pounds per year in 1926 end 19627, The 
decrease in explosions initiated by exolosives has kept 
pace with the wider use of saier exolosives and electrical blasting, together 
with more careful practices in the handling and. use of all types of explosives 
in and around many of the West Virginia coal mines, 
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TABLA 6, - Classes of explosives used in West Virginia 
coal mines —— 


= eo. 


Black blasting powder | 


High exnlosives Permissible 


Year Granular, Pellet, other than per- explosives, 
{cases | se missibles, pounds ounds __ 

' = 553,320 3,064,045 
1913 554, 400 - 645, 425 3,282,560 
1914 566,692 _ 510,725 3,cl2, 449 
1915 587,970 - 521,125 3,679,375 
1916 718,220 - 570,625 4,055,445 
1917 867,675 7 1,162,277 5,899,019 
1918 614,841 - 971,795 5,202,357 
1919 476,952 ~ 1,013,594 5,343,491 
1920 662,491 ~ 1,631,477 8,582,184 
1921 380, 623 _ 853,841 6,203,528 
1922 023,203 ~ 957,048 8,214,968 
1923 952,051 _ 1,528,970 10,355,335 
1924 497,109 - 1,498,611 9,032,907 
lg25. | 541 ,7 45 - 1,070,664 10,497,400 
1926 957,851 - 1,089,567 13,068,975 © 
1927 483,534 - 960,775 13,055,500 - 
1928 197,873 215,489 749 4330 10,350,810 
1929 | 143,302 286,794 761,951 10,959,012 
1930 94,927 260,590 70Z 5443 9,086,556 
1931 48,122 241,586 346, 699 6,648,075 
1932 26,83 | 196,523 295,720 5,005,740 
Peewee eee om eee eee? 


7 oe te 2 ee 


The decrease in the percentage of explosions from onen lights from 41,1 


nercent in the period 1911~20 to 28,8 percent in 1921-30 and to 18.8 percent 
for the 3 years 1931~33 nas been due to a large extent to the increased use 
os permissible electric cap lam>s, especially in mines in which explosive 
gas is liberated; there is now no reasonable excuse for an explosion or a 
fire caused by open lights in any mine as there are readily available and 
almost absolutely safe electric cap lamps for underground workers, giving 
them a more efficient as well as a much safer light than any available open 
light or lighting system for underground purposes, 


The increase in explosions of electrical origin from nothing before 1901 
to 33.5 percent in 1921~30 and to 68.8 percent in the 3 years 1931-33 reveals 
a decidedly serious condition which is to be exected because even with the 
introduction of open arcing or sparkin; types of equipment sucn as electric 
locomotives, varticularly of the cable-reel types, electric mining machines, 
and electric drills haulaze roads in many instances have been kept in return 
airways, ventilation has not been properly conducted to the working faces, 
and opportunities for ignition of gas by electric arcs and sparks have been 
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numerous, The earnest efforts of sowe progressive mining commanies to remove 
explosion sources or to »nrotect avainst them will probably bring about a de~ 
creas? la frequency of exoluosions cf eloctrical ori,in, although with 11 ex- 
plosions of electrical origin in tne latest Z-yeur »eriod (1951-37), tuere is 
no probability that the present LO-year  oriod (1931-49) vill have as good a 
record as to exolocions of electrical origin in the coal iaines of West 
Virginia as dic the neriod 1991-30 wien 29 suck exmlosions are listed in 
table 5 as iiaving occurrec, Evidentiy aba Virginia coal mines nave before 
them'a real problem in tne coe of explosions caused by electricity, 


Hat MOT? SEO AND PAODUCTION 


‘The production of coal is seasonal in West Virginia, just as it is in 
many if rot most of the coal-producing States; while compiling data on explo- 
sions it was observec tnat in several instances exolosions occurred when 
prevarations were beinz made to reoven a isine tnat iliac been idle or that had 
been reopnened shortly before tne e:mlosion scecvrred, 


‘ The United States Bure2zu of Mines has published the movtnuly Seoduceion 

‘of ¢oal since 1517, end tne total ronti:ly oroduction for 1917-33, inclusive, 
has ‘been assembled in-table 7, “he mamber of explosions by months for the 
‘two ‘veriods--1€335-1933 and 1317-3c—-—has also Veen recorded in table 7, 

‘" + @atle 7 shows that during the 17 years 1617-32 the coal mines of West 
‘Virginia had 78 exnlosions and that Octover was the month with maximum pro- 
“duction of coal: bat January, with J1 exnlosions, nad the greatest number of 
‘explosions, altnougn the vrocuction for January was vractically equaled or 
‘actually exceeded by June, Jaly, August, Sentember, October, and November, 
cBeoteaben: with 3 exolosions in the 17 yoes and witn vroauction but little 
below tiie maximum for eny mouth, had the best record as to exnlosions in the 
.. West Virginia conl mines, althoysh May also nad but 3 explosions, tonnage 
veing imaterially lover than that of Sentember, Although January ned the 
greatest number of exnlosions (11) in the past 17 years, Nove.:nber had 9, 
although with somewnat greater tonaaze tian January; March and April each 
with 9 exnlosions and consideracly Jess tonncge than either January or 
November appear to be nearly as danserows as Jaiuuary in occurrence of explo- 


sions in »rovortion to outnut, Sas : 
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CABLE 7, - Comonrison of nwiber of exnlosigns wita 
procuction oy months 


mil Promictican “| Inwber of mil Numoer of 
Mont. | LO1L7—23, ; explosions | explosions 
pease ke ___ tons _ 7 So oo MOO ISS os tt 
January 150,671,000 | 11 31 
February |} = 139,645,000 | 4 al 
March . | 139,993,900.) l 9 34 
Avril : 28,221,009 | 9 22 
May } 145,700,000 3 19 - 
June | 152,867,090 | 6 20 
July ! 150,233,000 | 5 25 
August ! 162,922,000 | 6 12 
September | 160,062,000 | 3 22 
October | 171,598,000 if 7 27 
Novenber | 151,223,000 ) e 
Decenber | | 139,981,000 | 6 28 
ck a ra ee a ee ek we oe 


TYPES OF MINES AD CLASSES OF EXPLOSIONS 


Tne available State records do not classify mines as gassy or nongassy 
altnough most of the reports made by Bureau of Mines engineers give this 
information, It is assumed that if a gas explosion occurs in a mine it 
snould be classified as gassy, although unquestionably many explosions of 
g2s have occurred in nines classified as nongassy, Of the mines that have : 
been classified, gns or gas and dust explosions occurred in 87 and dust ex- 
vlosions in 2 gassy mines; gas or gas and dust explosions occurred in 18 and 
dust explosions in 9 so-called uongassy mines, Of the 287 explosions 79 
were primarily cust explosions and 208 were gas or gas and dust explosions, 


The generally accepted classification of "gassy" or "nongassy® mines 
by the mining industry, esnccially since 1911, has been synonymous with 
"open—-lizght" or "closed=light™ mines, Many mines, lmown locally to liberate 
considerable amounts of methane, have been kept on tne open—light basis for 
fear that changing to closed lights would result in orders to use *flame- 
vroof" electrical equipment only or to change trolley-locomotive installa- 
tions from return aircourses to intakes. The folly of continuing the use of 
cpen lights in mines mown to be gassy is shown by the record of gas igni- 
tions by open lisnts; of the 73 oven-light explosions 70 have been classified 
as gas or gas and cust, the general assumption being that a gas and dust 
explosion is the result of an ignition of gas which raises cust into sus-~- 
vbension and the dust propagates tne explosion. Hence it anpears that many, 
if not most, so-called nongassy mines liberate some gas, Electric cap lamps 
vecame common about 1911, and safe and fairly efficient portable mine lamps 
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were available at and from that time, Before 1¢1l, 37 jas, 6 gas and dust, 
and 2 dust explosions were caused by open lights; from 1911-33, 23 gas, 14 
gas and dust, and 1 dust explosions have been caused by open lignts, These 
explosions in West Virginia coal mines as well as scores of others in other 
coal~preducins States of the United States substantiate the assumotion of 
enginecrs of the Bureau of Mines that all coal mines are potentially gassy 
and should be regarded as such, and it is very probable that until or unless 
this idea is accepted by all coal-mining people and placed in all State laws 
and regulations, tnere will continue to be exnlosions of gas or of gas and 
dust because precautions are not taken against occurrence of gas or its igni- 
tion if it should occur, 


PRINCIPAL CAUSES OF GAS ACCUMULATION 


Gas accumulation ordinarily is a question of inadequate ventilation 
which may be due to failure of the management to provide prover facilities 
and material for coursing the air, to carelessness or incompetence of offic- 
lals, or to carelessness or neglect on the part of other employees, The 
principal causes of gas accumulation at the time of some of the cxplosions 
listed in table l have been correlated and recorded in table 8; it is ad- 
mitted that in numerous instances the alleged causes or conditions as given 
by those who made revorts on the explosions were by no means well-defined 
or stated, | 


Doors 


Doors left open,.- Leaving doors onen has been the most prolific source 
of gas accumulation; at least 18 explosions were caused by this type of 
"failure", Generally mule drivers or locomotive crews prop doors open when 
entering a side entry or when crossing from one entry to a parallel one to 
haul a loaded car or to put an empty car in a working place. In one instance 
the locomotive crew, in a hurry to take an injured man to the shaft bottom, 
failed to shut a door in a gassy mine and the.door remained open for an 
hour; when it was c-osed the ventilating current carried a gas accumulation 
over a locomotive, and.an arc from tne locomotive ignited the gas with a 
resultant exolosion which was stovped by rock-dust or it might have resulted 
in one of the worst explosion disasters in the history of coal mining in the 
United States, 


Wrecked door. In another instance a wrecked door allowed gas to accu- 
mulate at the faces of several: workings; wnen the door was revlaced the gas 
was forced: over a trolley locomotive overating on return air, and an arc 
from an open-type locomotive ignited the gas; the explosion caused a number 
of fatalities, although fortunately it occurred at night when only a rela~ 
tively few men were in the section, 
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TASLE 8, —- Princival causes of gas and dust 
accurulations 


Causes | Number of times reported 


LS TE OES EY ES SS ©-SES SPORTS Ge = ES OS SS A eS 


oe 


Gas accumulation 


DOP LETU ODOM. vgs ioe sey. ies 8's ey ae Gi so Be ee. wes Se, Se 18 
POLL OF FOOL OX (CORD. ie: 6. a) a Sr 8, Sea SB | 
Yan stooped or snut off «2. we ew ew hw tw 
Inadequate ventilation (not otherwise classified) 
BS LIN. Oelwein Jah vas, rp. aes Hees Yat “ie! SOE ek Hen Say DR dat ate 
Interrunted VONULIAC LON: gs a) vee) 6) KP Spo we 
“Mine idle, no inspection POL goeaS Ae, leet He eS. la a, 


Me 
ArNOoOWNN 


Curtain daneged Ser eee we el nee cal ea, SR cen SH 
Failure to use line brattice . .. i... see 
Air short-circuited (not otherwise classificd) 
Auxiliary fan stopped ... . 
Leakage from Sas well eee e 
Stopping removed « « e e ee « 
Comressed-air line closed .. | 
Open, wnventilated old workings ....ee«ee 
Gas feeder ignored e2e«eee ef © © © © © © @ 
Curtain removed . 6 ee ee eee eee 
Rooms turned ahead of air . 2. ee 0 ee 

Line brattice too long 2. «eo sss ee 
Door wrecked , ee ee «© © © © @ gene moe 

Fumes from fire ee ae ee eer ee ee 8 
Gut inte. old.workings: 4 é-«. 6 <6: 6 16 
line brattice too far from face ..« . +s. 


e 
e 
e e e e ® @ e e 
e 
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Dust accumulation 


Blasting Off Solids 4.19.26. ye ee He. ei slo 28. es 
Dust suspended by fall . 27s 2 ew ee ww ew ww 
ALG CALTIEO CUSt .é. 0g.-0 3.28. ee BK oe SS 
Dust caused by blasting . « . ¢ ee « ee 8 6 « 


HHO oN 
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Check curtains.- Check cirtains are in somewhat the same category as 
doors; 4 explosions. resulted from damaged check curtains. In one instance 
the mining machine that cut coal between the day and night shifts tore down 
2 curtain, and the motorman failed to notify the night motorman or mine fore- 
man; a locomotive entered a-»nlace that was rising steeply and either the cpen 
arc lisht on the front of the locomotive or an arc from the wheel ignited a 
docy of zas that had accumulated, Check curtains are so easily damaged by 
lining machines and locomotives and cars that where the air must be deflected 


toors of brattice cloth nailed to wooden frames are used to advantage to re- 
dlace them, 
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falls of Roof 


In certain West Virginia coal beds relatively little gas issues from the 
roof, coal, or floor during ordinary mining onerations but if the roof falls 
and brealzs an overlying stratum of rock or bed of coal considerable bodiss 
of gas are liberated, Ignition of gas released by falls of roof caused 17 
explosions; 4 of the exolosions occw:red ii one mine during a period of 
several years, and in encn case the gas probably was ignited by an arc caused 
by a machineman "nipping" the wire or tramming his machine by sliding the end 
of the trailing cable along tne maciine Wire, 


Fans 


Thirteen gas ignitions were caused by accumulation of gas when main fans 
were stopnvec, either through failure of power or because the mine was idle 
or the shift of men was out of the mine, (In some localities fans are overaic 
only when the men are in the mine, a prectice of doubtful utility in the 
dollars and conts savings supposedly effected; certainly it does not add to 
safety.) Frequently fans are stopped from Saturday afternoon until Manday 
morning, Sometimes the fans are not run in mines that are not working, but re 
pairmen may enter; some of the 12 exnlosions from failure to keep fang overat- 
ing were caused by men entering mines under thésé coriditions or in violation 
of instructions issued by the supervising official, 


Several explosions have occurred in mines’ in which booster fans were 
placed underground, Such installations are concrete evidence of inadequate 
ventilation; in at least.some cases they contributed to accumulation af gas, 
and 3 explosions were definitely caused by ignitions of bodios of gas that had 
accumulated while auxiliary. fans were stopped. 


Inadequate Ventilation 


| Informatian regarding conditions surrounding 10. explosions was. -sa. meager 
that the cause of gas accumulation could only be classified as. inadequate 
ventilation, From the content of the-revorts it is evident that air was 
coursed so that little if any ventilation reached the working places, Can 
tributing: causes undoubtedly were: Failure to install line brattice at work- 
ing faces; excessive use of doors and use of leaky doors; use of brattice 
Cloth or wooden brattices inetead cf airtight stopoings; insufficient volume 
of air; and narrow, crooked, choked aircourses, aoe 


Closely allied to inadequate ventilation is failure to use line brattices 
ar to use them.efficiently; at. least 3 explosions resulted from ignition of 
gas which had accumulated at the face of workings. due to failure to- canduct 
the air current to the face by means of line brattices,. The removal of 
stonpings allowed gas to accumlate and resulted in 2 explosions; this is 
purely a case of carelessness or incompetency, One axplosion resulted from 
the use of line brattice that was too long. Many factors enter into air loss 
in line brattices; the air loss occurs primarily at the break~through -end and 
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ot the top and bottom of ineffectively installed brattices, Another common 
fault with line brattices is tnat they terminate too far from the face; such 
a condition contributed in ccusing 1 exolosion, Interrupted ventilation, not 
otaerwise classified, caused 6 explosions. 


Blasting 


Gas is often released by blasting, Frequently gas issues from clay veins, 
and when a clay vein is exposed by blasting a gas feeder or a sudden liberation 
of gas occurs, Gas released by blastinz was directly responsible for 7 explo~ 
sions, At least 2 of these, occurring during the earlier periods reported, 
were attributed to ignition of exnlosives fumes; and while this may be possible, 
it appears unlikel,, esnecially as other more »robhable causes were present at 
- the time these exnlosions occurred, 


~ 


Mine Idle 


Men were alloved to enter at least 4 idle mines without a previous exam- 
ination for gas; gas had accumulated in each instance, and open lights worn 
by tie men ignited the gas, A somewnat similar condition existed when 2 ex- 
plosions occurred in open, unyentilated, unexamined’ workings because adequate 
precautions had not been taken to prevent entrance by men, 


Other Causes 


Other causes of gas accumulations were: fir short-circuited, not other- 
wise classified, causing 3 explosions; commressed~air line closed, resulting 
in 2 explosions: leakage of gas from gas wells passing through the coal bed, 
causing 3 explosions; a gas feeder, Imown to exist, was ignored and an explo- 
sion resulted;. roais turned ahead of ventilation allowed gas to accumulato 
and an explosion followed; a, nonpermissible mining machine ignited gas released 
when the machine cut into old workings; fumes froma fire (in a region which 
evidently also liberated nethane) were ignited by the fire, 


PRINCIPAL CAUSES OF DUST ACCUMULATION 


Cognizance of cust particination was rarely taken into consideration by 
the early investigators of the exolosions listed in table 1, In 9 cases 
reference was iaca'to dust accumvlation,, The surrounding circumstances ina 
number of othe: instances clearly indicate that, dust entered into the explo- 
sion, and such exolosions have been listed as dust explosions in table l. 


Blasting 
“In the “period ‘before permissible explosives were used ssteneivaly in West 
Virginia coal mines, the hazard of dust caused by tiasting "off the solid" was 


recognized, and pronagation of 5 explosions was crc-dited to dust formed by . 
this method of blasting, Anotner explosion was caused unovee the ignition 


and propagation of. cust formed by pecan 
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Iwo explosions were attributed to the ignition by an electric are of dist 
raised into suspension by a fall of roof, Stiil another explosion was caused 
by the ignition of dust carried by the air current; presumably fine dust” 
raised by mining operations or mine haulage settled on tinbers, roof, and 
ribs and wnen this dust was raised into suspension by an ignition of black 
blasting powder the dust propagated the flamo, 


LIMITING PROPAGATION OF EXPLOSIONS 


Iwo widely known methods of arresting or limiting propagation of explo-~ 

sions have been used to a limited extent in West Virginia coal mines; they are 
watering and rock-dusting, The value of exnlosion—-yrevention methods has beex 
“so widely known that when an explosion failed to pronagate throughout a mine, 
naturally wet conditions or high content of inert matter in the mine dust were 
studied and, where conditions justified, the conclusions were drawn that 
standing water, nign content of incombustible material in the dust, or rock- 
dust was indicated to have been responsible for stonping the explosions, 
Thg¢ explosions ston,ed by these conditions have been tabulated in table 9, 
to show the number of men in tne mine at the time of explosion, the number 
killed, injured, and escaned uninjured from the affected mine area and the 
cause and type of explosion, 


Standing water, wet dust, or wet areas were credited with arresting tho 
flame of the explosion in 25 cases, More than 1,425 men were in the mines at 
the time ef these cxplosions--the number in the mine and the number cf: men who 
escaned uninjured were not given for 3 explosions--and of this number 286 were 
killed, 55 injured, and 1,110 escaoed uninjured, By eliminating the number 
killed and injured in the 3 explosions for which complete data were not avail- 
able it is shown that 18,2 percent of the men'in the mine were killed, 3,9 
percent were injured, and 77.8 nercent escaned uninjured, 


Hizh incombustible content of the mine dust- was attributed as the cause 
for arresting 8 exnlosions, The exvlosion in case 254 was also credited with 
having been partly stopped by water or wet dust, More than 554 men were in 
the mines at the time of these explosions; 81 were killed, 1 was injured, and 
276 escaped uninjured, If case 110, data for which are incomplete, is omitted 
the fatalities constitute 21.6 »nercent of the men exnosea to the explosions, 
injuries constitute 0.3 percent, and those saved forn 78 percent of the men 
in the mines, | 


Rock=-dusting was not adopted to any considerable extent in West Virginia 
until after 1924; however, since November 15, 1926, 8 explosions have been 
stopped by roclic dust, altneugh in 1 explosion, case 246, wet entries were 
credited with helping to sto. pronagation cf the flame, The fatalities in 
these 8 explosions constitute only 3.6 percent of the men exposed to the explo 
sions, the men injured constitute 0.9 percent of those in the mines at the.tim 
of the explosions, and 95,5 percent of the men underground escaped uninjured. 
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TABLE 9, ~ Alleged causes of stonping explosions 


I a a 
Men i 6 oo, ra FS teeta te Oo 
Killed| Injured eed Ignition by Type of explosion 


—- 


Stooned by standing water or wet area} 


101 22 O O | Blasting © Gas and dust 
105 23 0 12 | Blown-out shot, do 
106 20 @) 102 do Dust 
123 16 @) _ Dynanite Gas and dust 
148 - 6 0 - OQnen shot Dust 
177 93 83 @) LO Oven light Gas and dust 
199 200 Po 11 166 do Gas 
201 220 10 14 196 do | Gas: and dust 
205 6 4 O 2 Electric arc Gas | 
208 250 0 11 239 Onen light do... 
233 64 ae © 37 Electric arc Gas and dust 
230 3 1 2 0) Open light Fas 
239 20 2 0 18 SC Blectric are Gas and dust 
243 8 re @) 6 | Blectric arc Gas 
246 18 5 2 11 do Gas and dust 
247 22 4 1 7 do do 
251 22 3 3 16 do . Gas 
204 120 8 0 112 Open light Gas and dust 
255 80 3 0 77 do do 
257 oo ¢ 6 9 do do 
260 7 6 ) 1 Electric arc Gas 
263 6 3 fo) 3 Open light Gas and dust 
280 80 0) 4 76 Electric arc Gas 
284 - 3 1 - do do 
286 2 2 a) 0 do Gas and dust 

1425 | "9286 55 1110 

Stopped by incombustible dust 

101 22 22 @) 0 Blasting Gas and dust 
110 - 4 0 - Open light Gas 
179 10 8 1 1 do Gas and dust. 
210 20 18 0 2 do do 
253 140 2 0 138 do do 
co4 120 B 0 112 do do 
206 40 17 0 23 Electric arc do 
286 2 2 0 0 do do 

354 81 1 276 

Stopped by rock dust 
246 18 5 2 | 11 Electric arc Gas and dust 
265 60 A o | 56 do do 
2270 2 1. 1 | 0 do Gas 
271 20 0 0 20 do do 
272 08 3 @) 50 do Gas and dust 
273 - 9 2 - do Gas 
275 150 1 1 148 do do 
285 200 l 1 248 do do 
08 20 7 533 
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The cata in table 9 incicnte thet if exnlosions occur in mines that are 
well rock-dusted a large majority of tiie men can be saved. In about 8 years 
approximately 55% lives nave been saved in mines using roci:-dust with fatali- 
ties of only 3.6 percent of the men exnosed; wiiere water and lisn-ash dusts 
stopned propagation of the explosions tne fatality rates averaged 18,3 and 
el.? percent, resnectively, which, wiile not as sod as the record made by 
rock—dusting, is fer better than the 190 »vercert which might have occurred and 
whicn has been imown to occur in dry @isty mines with little or incombustible 
dust present, loreover, where rock-dusting is maintained adequate protection 
is assured against the dust hazard but rock-dust cannot be expected to stop a 
purely gas explosicn, Frou tne 41 explosions in West Virginia coal mines 
for whicn complete data are available on the nusaber in the mines, the number 
killed, injured, and escaved uninjured, it has been determined that 35,3 per- 
cent of those exposed to the exmlosions were killed, 2.4 percent were injured, 
and 62,3 percent escaned uninjured: these figures include tne 41 explosions in 
table 9, The data ou the 41 mine explosions listed in table 9 indicate that 
the 8 mines in West Virginia in wich rock-dusting is Imown to have stopved . 
the propagation of explosions had a much lower percentage of injuries or 
fatalities to those vresent and mich higher percentage of those who escaped 
unharmed than the other mines, 


At the inquest following one exolosion a contractor with 32 years of 
ining exverience ranging from tra .ver boy to mine foreman stated that he and 
4 men who were with him undoubtedly were saved by effective rock-dusting, 
He stated in part - 


There is not anytning in God's world to beat rocx-dust, properly 
anplied, in stopoing a mine exrnlosion, I hold my life to pocl-cuses I 
wouldn't be here if it was not for rock-—dust, and I wouldn't work or 
50 in a gaseous mine if it was not roci-dusted, There is no doubt in 
my mind or to anyone familiar with the circumstances that rock-dusting 
saved the entire mine and the lives of everyone in it at the time of 
the explosion, We saw no blacc dust and almost nad feel our way from 
lst east to the main west (1500 feet), There was a white cloud of dust 
on the main north west that filled our nostrils and ears and eyes, but 
it was a life-saving cloud, : 


COAL-DUST- AND GAS-EXPLOSION FACTORS 


The average mining man who is not thorougnly faailiar with the research 
in coal-dust and gas explosions conducted by the United States Bureau of Mines 
at its Experimental mine is »ernlexed when some exolosions are localized for 
no apparent reason when conditions aonear favorable for a widespread exolo- 
Sion, whereas under some anpvererntly similar conditions an explosion is exten- 
Sive. A brief descrintion of emlosion factors may lead to a better under- 
standing of coal-mine exolosions, 
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An explosion of coal dust may be considered as a rapid and nrogressive 
burning of the dust narticles, curing waich time air and gas waves are set up 
and pressure is develoned, To have a cozl-dust explosion there must be a 
medium for raising tne dist into a cloud sufficiently dense that ae source of 
ignition will explode it, 


The explosibility of a coal—dust cloud is influenced by a number of fac- 
tors, Size of the dust is important. Tests at the Exerimental mine indicate 
that it is difficult to explode dust which will not pass through a 20-mesh 
sieve, and that a dust cloud, to be readily isnitible, must contain finer dust 
and tne cloud must be very dense, Under some conditions 15 to 25 percent of 
Mine dusts passes through a 200=-mesh screen, hence as far as size is concerned 
can be ignited, The coarser dust does not enter into the starting of an ex- 
plosion to as great extent as the finer dust, Pulverized dust, classified as 
85 percent through 200—mesn or finer, is likely to be considerably more explo- 
sive than 20 percent throuwh 200=mesh dust, because the finer the dust the 
greater the surfdce exposed and the more rapid the oxidation or burning, lore- 
over, the finer dust is lighter tnuan the coarser dust, therefore it is more 
easily throvn into a dense cloud and also remains in suspension for a longer 
time period, 


Comoosition of the Cust is an important explosion factor, The chief con- 
stituent of the coal that enters predominantly into its exnlosibility is the 
volatile matter, Anvnarently the inherent moisture, end possibly the inherent 
asa also, axfect explosibility only to a limited extent. The explosibility 
of coals is exoressed best as a ratio of the volatile matter to the total com- 
bustiole matter (the fixed carbon plus the volatile matter), Other factors 
being equal, the higher this ratio the more exnlosive the coal dust, although 
in tne high-volatile coals the increase in the ratio does not have as marked 
an effect as in the low-volatile coals, Explosibility of 20 percent through 
200—mesh dust increases ranicly between ratios 0.14 to 0,25, remains prac- 
tically constant between 0,25 and 0,40, and then increases slowly, Pulverized 
dust increases ranidly in explosibility between ratios 0,12 to 9.20 and then 
increases slowly. Explosibility -ney be measured by the amount of incombusti- 
ble matter that must be added to »revent provagzation of flame through the 
mixture of coal dust and incomoustible matter, 


The composition of the coal bed and consequently the ratio of volatile 
miter to total combustible may vary from place to place in the same mine as 
well as in the same locality; in fact it may vary at numerous horizons from 
roof to floor in the same coal face, An average has been taken for the various 
coal beds of Wsst Virginia in which the exnlosions listed in table 1] occurred, 
the beds have been arranzed in table 10 according to the number of exnlosions 
in each coal bec. Of the first 7 coal beds listed in table 10, those in which 
wae greater number of explosions occurred, are in general the more highly ex- 
Dlosive as indicated by the amovnt of incombustible matter required to prevent 
propagation: of flame by the coal dust; the exception is the Beckley bed, in 
rhich 27 explosions occurred commared with 15 in the Uoper Freeport, 
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TABLE 10. —- Exvlosions and exnlosion fatalities by coal beds 


SS — 


> A as a ia Total |Ratio of | Incombustibdl: 
| | 1 numberj;volatile |required to 
| Total explo-jmatter to |prevent prop- 
! 


'Pataiity, number|sion j|total com-|agation of 


No-fatality | 


exple- |explo-|fatal-|bustible jexplosion, 


ama VOOR DER... 2 explosions | sion s |sions jities |of coal _ = 
Pittsbuygh 3 wy 65 739 e400 
Pocahontas No, 3 20 27 47? | 273 | 243 
Sewell 19 ums 5! 169 elo 
Beckley (War Creelc) 6 21 2? KI e200 
Unper Freevort 12 3 “15 87 e262 
Pocahontas No, 4 2 10 12 3 | 164 
Fire Creek | 6 5 11 | 189 2 
Eagle | 4 7 11 54 0373 
No. 2 gas 8 2 10 7 2585 
Lower Kittanning 7 3 10 4 se s0 
Sewickloy 6) 7 7 re) 2440 
Island Creek Z o 4 3 pool 
Redstone — @) 4 4 40 0413 
Welch 2 1 3 i 0413 
Thacker 1 1 2 3 gore 
Chilton 0 1 i a 1 2460 
Coalburg 1 0 nA 0 2098 
Winifrede 0 1 1 2 sgue 
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EXPLOGOION-PREVENTION MSTHODS 


Explosions can be prevented or localized if sources of gas and dust. are 
eliminated, if sources of ignition are removed, and if cefensive measures are 
adopted to stop an explosion when the above precautions are not observed or 
B42 Ge 


Use of ’ Water 


One of the earliest methods adopted to prevent coal-dust’ propagation of 
explosions was the use of water, Watering systems have failed to prevent 
propagation of explosions, even in mines where the system was supposed to be 
well-maintained, Tye main effect of water, in so far as its use in the pre- 
vention of coalemine exnlosions is concerned, is to prevent coal dust from 
getting into the air to form a cloud; to do this dust from the Pittsburgh coal 
bed must contain about 25 percent moisture or enough water so that when the 
wetted dust is squeezed in the hands a well-compacted ball is formed, If this 
wetted dust is raised into the air it will propagate an explosion, and it is 
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nossible for an exnlosion of «2s at its most explosive noint to raise into the 
cir wet dust, wiici can then vrovagate flame, Dust is difficult to wet, and 
explosions are said to nave vasved over »ools of water on wilich coal dust was 
floating, If a pool of water is standing at the foot of a sloning section of 
on entry or narrow passarevay, tne vioneering wave may reise the water into a 
dense spray ahead of the exolosion and it may auench the flame; this condition 
ray have stowned some of the West Virrinia exslosions, The use of water on 
cutterbars of mining macilines, on tops of loaded cars before they are hauled 
fron the working » lace and from.the ins side sidetrack, on empty cars before 
they are hauled back into the mine workings, and on the coal face and coal 
pile before blastinz, helps to prevent the dry coal dust from being thrown 
into tne air to settle on surrounding roof, ribs, timbers, gob, and floor 
later; these uses of wettinz practices minimize the coal—dust explosion hazard, 
not only at working vlaces but also to some SaPeRY throughout the entire mine 
workings. 


Rock-Dusting 


Rock-dusting of all open accessible parts of the mine as far as the last 
open crosscut or to within at least 50 feet of the working face has been found 
an effective means of preventing dust ignitions and of localizing or prevent-— 
ing the extension of explosions, Rocx-dust barriers, properly constructed and 
maintained, and strategically located to isolate the various sections of the 
mine, form a secondary protection, in the event that roclz-dusting has not been 
maintained, The fact that at least & explosions were checked by rock~dust 
since November 15, 1926, in West Virginia coal mines and that 96.4 vercent of 
the men exposed to these exolosions were thought to have been saved by rock- 
dust, clearly indicates the efficacy of this explosion-prevention method, 


Other Methods 


Coal—dust accwaulstions Inay be reduced by watering, as outlined above, 
by using only tightly constructed cars, by prohibiting loading cars excessive- 
ly above the tov of the car, by cleaning tracks DEO o nana by using care 
in blasting onerations, and probably by other means, 


Gas accunulstions may be prevented by providing an adequate volume of 
air and by properly splitting and coursing the air so that idle workings are 
adequately ventilated and every working face is swept by a current of air 
with a velocity strong enough to remove and make nonexplosive any exnlosive 
ges that may be liberated, 


The elimination of sources of ignition is a relatively simple problem, 
Oven lishts of all kinds should be nrohibited underground in any and every 
coal mine in West Virginia; permissible electric cap lams are available and 
give stronger and more wiiform light than can be obtained with open lights 
and with much sreater safety not only as to fires and explosives but also as 
to other types of accidents. Permissible explosives and blasting devices, 
if used ina permissible manner, will prevent exnlosions from explosives and 
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blasting, and if blasting is carefully -lanned and supervised the production o 
much fine coal and coal cust can be avoided, Permissible storage~battery loce 
motives, if maintained in a permissible condition, may be used to haul coal 
effectively and safely, Permissible electricai equipment is available for 
essentially all clesses of mine work and its.use decreases or eliminates the 
probability of exnlosions of electrical origin, if adequate care is taxen to 
maintain it in safe condition; however, the so-called "flame-oroof" or 
"explosion—tested" equinment generally fails.to ,sive adequate protection, and 
several exolosions in West Virginia have resulted from equipment of this tyne, 
Even if the motor cormartments: are flameprocf, equinment that uses a trolley 
pole or locomotives using cables provide a source of igmition as evidenced by 
West Virginia exnlosions caused: by this type of equipment, 


RECOMMENDAT IONS 


Methods for preventing mine exolosions have been develoned as coal pro~ 
duction has increased during the ast 51 years, In the early years of mine 
inspection in West Virginia the chief means of combating the explosion hazard 
was to recommend better ventilation. The first recommendation made by tne 
first insvector of mines of West Virginia was that a law be enacted to require 
mine operators to provide a means of supnlying at lease 100 cubic feet of pure 
air per minute for each man underground, The recommendatiom made following 
the various explosions have been assembled in table 11 and. tabulated under six 
major headings, 


TABLS 11, - Recommendations for preventing explosions 


ms ae A fe Re EE OTS A AES ares IIS AIREY CCA oe ema Rens «CPs nh mre econ rec ES 


Recommendation | ‘Tines made 
Ventilation 55 
Use doors. 1n neire 6.5... ee a, ut ae es Oy eee er ner 2 1 Se we GS 10 
Immrove ventilation a ae ae ee ee ae ee ee ee ee ee ee 8 @ 9 
Conduct more air to face of workings . ..«+.«eevrceveeeee 6 
Seal abandoned workings Oe | 4 
Eliminate or use few doors 2. « 2 «© «ee ee we ow we ew ew ww 4 
Solit the air current Pe ee a ee ee ee ee ee ee ee ee ee 4 
Control air current positively . . «6 2« « « ee eee oe ow ow wo ow ae 
Run fan continuously Pe ae ee ee ee ee ee ae ee eee eee 2 
Provide auxiliary fan on surface ....s.s-ee-eeste eevee 2 
Prohibit auxiliary fans underground oe fF «0 © © © © © © © 8 le 1 
Build overcasts Pe ee ee ee ee ee l 
Install a regulator eeeee#gee#eee#e«e#e¢e¢%80 e008 666 @ 1 
Prohibit compressed-air ventilation ...+«.-seseeecveeveee 1 
Ventilate shafts, during sinking; operations . ...+s-e«-e«e«ee 1 
Offset fan fron line of east i. Wek tas hax dente. Oe Jos cer SL. Ses o> dee er See 1 
Use line brattices ... Sie ies iat et Seas Ta “le ter Gen Zat 1iec dak delle es se lL 
Remove gas before shift of men. enters mine . « » «se ee eee 1 
Control opening and closing of doors « « « «e«se+eseceevee 1 
Use: auxiliary curtein at door: - a é: 6. -e we Oe ee ee ew. 8 1 
- Do not use curtain instead of door . « «se .e«sse ee ee ee eo 1 
Make doors of fire-resistant material . ...+.«-ee-cet eevee. L 
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- Recomnendatio 


=e. | 


econ enca yon 


A - OR Ee ee  , ee =e | ener sap ome s - we ree eS ee ree oe ee wee 


Administration and suwervision 


Fire~boss examination before each shift of men 
vest for ges by fire boss or machineman before 

enters aplace . 2... see se cece reve 
Isolate connecting mines «6 +s + e es woe 
Insnect nohworicin sectimns .« 2. ..se eee 
Officials to obey danger signs . . «+e e«- 


liake prover inspectious a2 ® © @,e #.0:@¢@ @° @' e@° 


Provide effective supervision je Sees SS 
Fence off old workings 40. see © e.e.5 +. © 6 
Provide two éscapeways . . ese. e oe we we wo 
Undercut or shear coal . 2 6 «© we ee we we oo 
Use derail at top of incline 
Remove machine cuttings from 
Load out Cust . eee ceccerervecvsecves 
Employ competent fire bosses . . ee eevee 
Search emmloyees for matches . . ee» ee eee 
creat a gassy mine as gassy . e« e « e e 
fire bosses not to use locomotives while 
Haulage to be on intake air eee © © © © @ © 


Lighting 


Use permissible electric lamms . 2. .« « «© « « « 
Use permissible, maynetically locked, flame s 

Jo not use onen lishts wiile main; 
Pronibit mixed lights a re ee ee ee er ee ee er | 


Dust control 


rock dust ee ee 
Apply water to cutter bars «f mining machines ,. 
Wet tons of loaded cars; wet emoty cars . e « 
Wet face region; sorinkle road beds .« .« « « e 


Electricity 


Use permissible electrical equipment . . «. « « 
Use vermissible mining machines . »« « e e we 
Use permissible locomotives ....e.e-e6e-s. 
Examine trailing cables oeriodically . . .«. @ «-: 
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1s for preventing: explosions ~ Sontinued 


+ ee eee 2 cee: Camp ams eee eee es ewe a @ eeme e ee oeeeee 


Times made 


———e 


enters mine ,. . 
mining machine 
@ e o e e 
oe © © © @ @ @ 
ee © «© © ® © @ @ 
e°eeee @ @© @ 
e' ee «© e e ¢ ®@ 
© © 6 © @ © @ @ 


examinations , 


fety lamps .« « e 
eee e¢ 8 @ 
34 
These recommen—- 
dations aré 
i,enarally made 


coneurrently 


26 


Place electric wiring and oven-type equipment on pure intake 


BOE ee: digi. thn Ri ee we ee We Re as, et as SS Se OO we, 


Install face wiring proverly eseee ees e@ 
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TABLE ll, - Recommendations for preventing explosions--Continued 


es SE Se EE i ee 


Recomnende tions | Times made 

- Blasting and exnlosives ao 18 
_ Use permissiole explosives and blasting devices . . «+... e me, 
Confine explosives in holes; prohibit open shots .. 2+... 2 
Fire blasting devices in permissible manner .... see eee 1 
Limit explosives to 1 day's supply ge ce er er ee ee ee ee 1 
Remain at sare distance during aaa ge ec toe Joe a ae moh 

s Prelibit chooting off ths: Golid “situ we 6ra> a> See io Se ee ws a 
Employ’ shot firers. 1 
Use clay (incombustible) - SGenmine |. es ee ec dew. eo eee) Ge Je 1 
Do not" “overcharge SHOCsNOLES =: 4 gx e:-Gr e w gi os Be SSE ae ee 1 


ets ets st 


ee -e caee  e 8 oe eo 8 ee ee eee eee ee ee 
Py e 


Tener tyn 

The greatest. rramber of: recomendaticns (5 55) deal with ventilation, The 
Ereatest need anoears.to be-the erection of doors in pairs, spaced so that a 
trio of cars may he .contained ‘het.een ‘the doors and two “doors having the same 
effect woon the air current will not be open at the same time, Improvement 
of ventilation, not otherwise specified, was recommended nine times, This 
probably correlates with: the next recommendation, that more air should be 
conducted to tue face of workings, It is difficult to ventilate idle work- 
ings, end the power cost entailed in attempting to do so would more than pay 
for erecting pias on seals, as suggested in the next recommendation, The 
safest system of ventilabion “is to ‘solit the air to allow impure air from a 
panel or set of rooms to be couducted to the main return airway; hovever, 
splitting can, be pverdone, The loss of air. tnat should be conducted to the 
face of voricings can be. greatly’ reduced by decreasing the number of doors to 
a minimum and. utilizing tight, well-constructed overcasts or undercasts to 
conduct air past other aircourses, The same trend of thought is expressed 
in the next recommendation--that the air current be positively controlled; 
running fans continuously -is of vital importance in preventing gas accumula- 
tions and it is significant tnat at least 16 explosions were caused in West 
Virginia by stopping. of fans, To insure continuous operation of fans an 
auxiliary fan and auxiliary source’ of vower should de provided. Portable 
auxiliary fans should be prohibited underground; their use is an ac'mowledg= 
ment that the quantity of air is inadequate or tnat the air current is inade- 
quately coursed, Some of the recommendations that were made only once are: 
Regulators should be installed to coritrol the quantity of air on each split; 
use of comoressed air as a means of ventilation should be prohibited; shafts 
should be ver.tilated while they are being sunt; fans should be offset at 
least 30 feet from the fan duct: or entry to prevent their damage by an exvlo- 
sion; line brattices should be used to conduct air to.gassy- working faces} oe 
gas is detected it should be removed before. the shift of men is allowed to 
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enter the mine, The opening and closinz of doors should be positively con- 
trolled, and the use of latches to hold coors open should be pronibited; if 

it is imoossible to eliminate doors or to install them in pairs, an auxiliary 
curtain should be hung to reduce to a minimum the chances for short—-circuiting 
the air; however, curtains should not be used instead of doors, excént in 
emergencies; doors should be coustructed of fire-resistant material, 


Administration and Sunervision 


The management evidently was at fault in at least 43 explosions, Examina- 
tions oF mine by fire bosses before entrance of each shift of men was recom 
mended 17 times; moreover, it was recommended 6 times that a fire boss or . 
machineman test for gas in a place before the (electric) mining machine is 
taken into the place to de cut, Explosions were transmitted to adjoining 
connected mines in 3 instances and the recommendation that mines be isolated 
from adjoining saines is based on these cases, Failure to inspect idle work- 
ings adjacent to live workinz;ss caused at least 2 explosions; all open work- 
ings adjacent to live workings should be examined daily. Danger signs should 
be observed by officials as wel]. as by other employees; failure by officials 
to do this caused at least 2 exnlosions, Some of tne less frequently made 
reconmendations are: prover inspections should be made by competent fire bosses; 
effective sunervision should be provided; old workings should be fenced; at 
least two ways of escape should be provided; all coal should be undercut, 
centercut, topcut, or sheared; derails should be provided at the top of in- 
clines or slopes; machine cuttings snould be removed from the mine; excessive 
accumulations of dust should be loaded out; competent fire bosses should be 
emloyed; ermloyees should be searched for matches; inines that give off gas 
snould be operated as gassy mines; fire bosses and other officials should not 
use locomotives while malzing mine examinations; haulage should be on intake air, 


Lighting 


The elimination of open lights and the use of "safety" or permissible — 
lights were recommended 25 times, The largest number of recommendations (30) 
was for the use of permissible electric cap lamos, The use of permissible 
flame safety larms was recommended three times, The prohibition of the use of 
open lights worn by officials while making examinations for gas was recommended 
only once, It was also recommended once that the use of onen and closed lights 
at the same time snould be prohibited, 


Dust Control 


To render coal dust nonexolosive was recommended 34 times, ‘he chief 
recommendation was that mines be effectively rock-dusted, Other recommenda- 
tions made in conjunction with rock-dusting were: that water be applied on the 
cutter’bars of mining machines; that the tovs of loaded cars be wetted before 
tne cars are hauled from the working face or side track; that empty cars be 
wetted before they are returned to the working places; that the face regions 
be keat wet; and that roadbeds on haulage roads be svrinkled, 
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slectricity 
The increasing use of electricity underground has introduced additional 
sources of lgnition of gas and cust, Investisutors have realized tiis new 
hazard, and 9 recormendations vere mide tor using vermissible electrical 
equipment which, under normal coniitions, is safe for use in zassy or dusty 
atmosnheres, Tiie use of permissivle mining machines was recommended 6 times, 
Investigators recommended tue use of nermissible (storage-battery) locomo- 
tives 3 times, The trailing cable on permissible minim; machines is true 
weakest point of the eaui»sment, hence it was recormended tuat the treiling 
cadle be examined carefully at rejuler intervals, HBlectric wiring and elec- 
trical equipment, esvxecially if it is of open tyne, should be placed on pure 
intake air, Wiring, esnecially at the face, should be vroverly installed, 


we we ee oe 


Although blasting and explosives caused 94 of the cE7 explosions, only 
18 recommendations affecting exvnlosives were made, Cf tnis number 9 were 
that vermissible exolcsives and blastin;; devices shovld be used, Recommenda- 
tions were made twice for »ronibiting the firings of open shots and reqirinz 
tact all charges be placed in properly drilled noles ana confined with incot- 
bustible stemming, Other recommendations were: That blasting devices be fire 
in a permissible manner; that miners be limited to one day's suoply of explo- 
sives; that all »ersons remain at a safe distance wnile snots are fireds tnai 
suooting off the solid be »rohibited; that clay (incomoustible) stemming be 
emloyed; and that snot holes should not be overcharged, 


MINE SAFETY BOARD DECISIONS 


The policies of the United States Bureau of Mines re,sarding safety in 
mines are governed dy the decisions of its Mine Sefety Board, wnhicn are issued 
after due deliberation and the unanimous consent of the 5 members, The de~ 
Cisions, if followed, should nelp materially to vnrevent coalemine exnlosions 
in West Virginia; they heve been issned by tne United States Bureau of Mines 
as Information Circuler 6757 and conies may be obtained by writing the bureau 
at Washington, TD, C. 


CONCLUSION 


The leading ceuse of explosions has been explosives and blasting, 
followed closely by oven lij‘hts; 167 of the 207 explosions were initiated by 
these two causes, Blectvicity, althouza rancing third as a cause of exlo- 
sions, actually now causes the largest number; from 1931-35 electricity 
caused 68,8 percent of the coalemine exnlosions in the coal mines of West 
Virginin, A more intensive carmaign agrinst mine explosions in West Virginia 
should be directed tovard eliminating electrical sources of ignition, During 
the last G-year period open lights ravsed 18.8 percent of the exnlosions and 
exnlosives only 6,2 percent, Open lights are a constant explosion and fire 
hazard; permissible electric cap lamnns snould be required in all coal mines, 
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as they are not only safer than open lights from the exolosion-prevention and 
fire-vrevention standpoints but are also a means of reducing mine accidents 
in general, 


Many exnlosions in West Virginia coal iaincs have resulted from careless~ 
ness on the nart of the mine manacenent through failure to prohibit open 
lights in mines known to liberate fire dann; to discontinue use of open and 
closed lights in the same mine; to use only nermissible electrical equipment 
in mines known to be gassy; to substitute permissible exnlosive for black 
vlasting vowder, whether in granular or stick form; to require tnorough exam 
inations by fire bosses before each suift enters the mine; to keen fans 
running at all times or to ventilate a mine thoroughly after the fan has been 
started following a shut-down; and to make a thorough examination of the mine 
before power is turned o. in the mine or men are allowed to enter, 


For the oast few years various agencies and conditions have operated 
to bring about vreater safety in the West Virzinia coal mines, and in essen- 
tially no phase of these oraiseworthy efforts uas the result been more suc- 
cessful than in the avoidance of explosions, The results are reflected in 
the decrease in explosion-fatality rates per million tons of coal mined and 
ver million man-hours of exoosure, The decrease in the percentage or explo- 
sion fataiities to total coal-mine deaths is largely the result of close co- 
operation of the coal miners, tile coal-mining companies, the West Virginia 
Department of Mines, the Safety Division of the United States Bureau of Mines, 
and other agencies in eliminating ignition sources, increasing ventilation, 
and providing vrotection by rocx—dusting, At this writing, West Virginia 
nag not had a major exnlosion disaster in its coal mines in practically 2 
years, a remarlcably good record, and with continuation of the same tyve of 
cooperation which nas been in effect the past few years among the interested 
agencies, there is good reason to believe that the good record of the past 
few years will he definitely bettered in future years, 
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